Socioeconomic disparities in physical health among Aboriginal and Torres Strait Islander children in Western Australia
Introduction Socioeconomic factors have consistently been shown to influence population health (Adler 1999, Marmot and Wilkinson 2006) . These factors reflect the way in which society is ordered according to wealth, prestige, power, social standing or one's control over economic resources (Mueller and Parcel 1981) . The pattern of association between socio-economic status (SES) and health has almost always Cunningham et al. 2008 , Oddy et al. 2008 , Cunningham 2010a , 2010b , although the slope and direction of these gradients typically varies across studies. Mental health, asthma and long-term health conditions appear to be equally prevalent across SES categories (Hunter, 1999 , Zubrick et al. 2005 , Cunningham 2010c , and a single study on birthweight was inconclusive as to whether outcomes varied significantly by an area-based measure of relative disadvantage (Titmuss et al. 2008) . In some cases, the SESÁhealth pattern has been shown to vary depending on the SES construct used. For example, Cunningham et al. highlighted that better self-rated health was associated with better education and labour force outcomes and home ownership, but not with household income, in a 1994 survey of Aboriginal adults (Cunningham et al. 1997) .
This study aims to provide insights into the nature of the relationship between SES and health among Aboriginal peoples, with a focus on the socio-economic disparities in physical health outcomes of Aboriginal children in Western Australia. We use a diverse set of health outcome indicators and investigate the pattern of their associations with conventional and alternative measures of SES, including the characteristics of individuals, families, households and communities.
Methods
Data are from the 2000Á2002 Western Australian Aboriginal Child Health Survey, a population representative study of the health, development and education of 5289 (or one in six) Aboriginal children aged 0Á17 years in the state of Western Australia, and their families and communities. The survey used an area-based clustered multistage sample design. Dwellings in selected census collection districts (CDs) were approached, with in-scope families defined by whether there was an Aboriginal or Torres Strait Islander child aged 0Á17 years living in the dwelling. All Aboriginal children aged 0Á17 years in in-scope families were selected to participate. Of eligible families, 84% consented to participate in the survey and useable information was obtained on 96% of participating children, predominantly from household interviews. In addition to data on the health of children, interviews were conducted among primary carers and, where possible, secondary carers of children to gather information on the demographic and social circumstances of families, households and the communities in which they lived. Primary and secondary carers were the people who spent the most time with survey children and knew them best. The primary carer was usually the mother of the child (80%). In the majority of cases, the secondary carer was the father of the child (77%) or another related person (19%). Most primary (83%) and secondary (79%) carers identified themselves as Aboriginal. All aspects of the survey were conducted under the direction of a steering committee of senior Aboriginal people from a cross-section of settings and organisations. The full details of the design and conduct of the study have been described elsewhere (Silburn et al. 2006) .
Health outcomes
Six physical health indicators were analysed, including chronic conditions (asthma, sensory function problems, recurring chest infections and oral health problems) and acute conditions (ear infections and accidents and injuries). These conditions 2011) . Information on all health outcomes was gathered from primary carers of participating children. Questions on sensory function and oral health problems and accidents and injuries were restricted to 4Á17-year-olds. To determine asthma prevalence, carers were simply asked whether the child had 'ever had asthma'. Four questions were used to assess whether a child had a sensory function problem: Does the child have normal hearing in both ears? Does the child have normal vision in both eyes? Do other people need help to understand what the child is saying? Does the child have difficulty saying certain sounds? A limitation in one or more of these areas was considered a sensory function problem for the purposes of this study. Children who had ever had holes in their teeth, teeth removed, fillings, or sore/bleeding gums were deemed to have had an oral health problem. A child was classified as having an ear infection if they experienced recurring ear infections or a single episode of discharging ear(s) (runny, tropical or glue ear). Accidents and injuries were assessed by asking whether the child had ever: broken a bone(s); been knocked out; or had a stay in hospital because of an accidental burn or poisoning.
SES measures
Socioeconomic status was measured using eight separate variables, including characteristics of parents/carers (educational attainment of both primary and secondary carers and highest occupational class of carers), families/households (family financial strain, housing tenure, housing quality) and neighbourhoods/ communities (two composite indexes of socio-economic disadvantage). This array of measures was chosen for four main reasons. First, reliance on a single measure is unlikely to capture how socio-economic position shapes health disparities in any population. This is particularly true among Indigenous populations because they are more likely to be distributed at the lower levels of any SES construct. Second, it is necessary to measure different dimensions of SES at multiple levels in order to capture the complex set of factors that contribute to socio-economic disadvantage among Aboriginal populations. Third, use of multiple SES measures enables a comparison of compositional and contextual effects on health disparities. Fourth, it is important to test the saliency of conventional versus alternative SES indicators in shaping health disparities, particularly as there are doubts about the relevance of conventional SES measures for Indigenous and other disadvantaged populations (Altman 2000 , Shavers 2007 , Taylor 2008 . We have included conventional indicators of social class (education and occupation) and used a subjective rating of financial strain as a proxy measure of material well-being. Financial strain is used in preference to a conventional measure of household income, for two main reasons: first, income data was not collected from all household members who contributed to its financial base; and second, income does not capture the nature of sharing of economic resources that can occur between extended members of Indigenous families (Hunter et al. 2003) . Housing characteristics are afforded prominence in these analyses, given the importance of housing to Indigenous health (Bailie and Runcie 2001) . Housing tenure and quality are proxy indicators of income and wealth (Shaw 2004) and have been included to complement the measure of financial strain (income) in describing the material wealth of Indigenous families and households.
Information about the characteristics of primary carers, families and households was provided by the primary carers of participating children. Secondary carers provided separate responses on their educational attainment and occupational class. Housing quality was measured using a set of indicators based on a nationally agreed framework for the design, construction and maintenance of Indigenous housing (Silburn et al. 2006) . This includes whether the house had facilities for washing people and clothes, removing waste safely, storing and cooking food and controlling the temperature. Households were classified into one of four categories: having none, one, two or three or more indicators of poor housing quality.
The 
Geographic isolation
Geographic isolation is defined using the Level of Relative Isolation (LORI) classification, which is based on the ARIA '' index (a widely used classification of remoteness in Australia). The five categories of isolation reflect differences in access to services, cultures and health outcomes for Aboriginal children in Western Australia, and range from none (Perth metropolitan area), to low, moderate, high and extreme (Zubrick et al. 2004 ).
Non-response and imputation
Analysis of non-response characteristics showed that the survey sample was broadly representative of the population of Aboriginal children living in Western Australia, although comparisons with population benchmarks showed that age, SES, household size and region were significantly associated with non-response. Post-stratification weighting was employed to adjust for differential non-response and produce unbiased estimates. There was only a small amount of item-level non-response. While an imputation procedure was employed to assign values to non-responding items, the percentage of imputed values was less than 1% for each variable and, based on this, imputation had no effect on the results of this study. Information was unable to be obtained on the characteristics of 15% of secondary carers, and we have treated all variables from these records as missing in the following analysis. More details about non-response characteristics, weighting and imputation are available elsewhere (Zubrick et al. 2004) .
Analysis
Analysis was conducted using logistic regression techniques within a multilevel framework. Models were fitted with the method described by Pfeffermann et al. which takes into account the survey weights and the hierarchical structure of the data, i.e., selection of children within families and communities (Pfeffermann et al. 1998 ). All models report odds ratios, adjusted for age and sex, with 95% confidence intervals. Standard errors for survey estimates of totals were produced using the Ultimate Cluster Variance estimation technique (Wolter 1985) . Standard errors for estimates of odds ratios and proportions were calculated using a modified form of the Jack knife variance estimation technique (Jones 1974) . Standard chi-square tests and chi-square tests for trend adjusted for the complex sample design were used to assess the difference between categorical SES indicators and dichotomised health outcome variables. Spline curves were used to further describe the shape of the association between SEIFA and health, and to assess the impact of geographic isolation (LORI) on the SESÁhealth relationship. We used the Generalized Additive Models framework to account for the possible non-linear nature of these relationships and fit a non-parametric Spline curve (Hastie and Tibshirani 1990) . SAS version 9.2 was used for all analyses (SAS Institute Inc., Cary, NC, USA, 2000Á2008).
Ethical approvals
This study was conducted under ethical approvals from Curtin University's Human Research Ethics Committee and the Western Australian Aboriginal Health Information and Ethics Committee, and was endorsed by the Aboriginal Collaborative Council Advising Research and Evaluation at the Telethon Institute for Child Health Research.
Results

Population characteristics
The six indicators of physical health ranged in prevalence, from 12% (for recurring chest infections) to 47% (for oral health problems) ( Table 1) . Aboriginal children were largely distributed in the more disadvantaged categories of most measures of SES, with few represented in the top category: only 5% of Aboriginal children had a primary carer with a post-secondary education, 5% lived in a family who could 'save a lot', 6% lived in houses who were owned by its occupants, and 5% lived in areas coded to the top two SEIFA quintiles. When area-level relative disadvantage was constructed using the characteristics of Aboriginal people only (IRISEO), 17% of our study population was in the top two quintiles (Table 1) . This signals that, on average, Aboriginal children in Western Australia live in areas with less favourable socio-economic characteristics than other Aboriginal people across Australia. Tables 2 and 3 show the odds ratios from logistic regression analyses, and highlight that the direction and magnitude of the association between SES and health varied greatly by both SES indicator and health outcome. Overall, of the 48 associations examined, 17 were statistically significant on the basis of a chi-square test for trend, and another 7 had at least one significant difference (at a 95% level of confidence) in health status between categories of SES. For ear infections, recurring chest infections and sensory function problems, the patterns were generally consistent with a positive socio-economic gradient Á where better health was associated with higher SES. Conversely, asthma, accidents and injuries, and oral health problems tended to exhibit a reverse gradient Á where better health was associated with lower SES, although this was primarily observed for area-level SES indicators. The largest differences in health outcomes were observed for area-level SES indicators, with other SES measures generally showing a weak to moderate association with the health outcomes. For example, Aboriginal children aged 0Á17 years in the top quintile of the IRISEO were 9.2 times more likely (95% CI: 3.1Á27.2) to have ever had asthma than those in the bottom quintile; whereas there was generally less than a two-fold disparity in the health outcomes within parental, family and household-level SES indicators.
Most health outcomes had a curvilinear pattern of association with SEIFA (Figure 1) , although not all of these were statistically significant. There was evidence of a reverse threshold effect for oral health problems and asthma, whereby those in the lowest quintile of SEIFA generally had better health outcomes than all others. The relationship with the IRISEO was characterised by a reverse gradient for four of the six health variables. These gradients tended to be linear, reflecting monotonic changes in health status along the continuum of this index.
The pattern of health disparities by family financial strain was generally consistent with a positive socio-economic gradient (Figure 2 ). This pattern was strongest for recurring chest infections: children in families who described their financial situation as 'spending more than we get' were 2.6 times more likely (95% CI: 1.3Á5.3) to experience recurring chest infections than children in families who could 'save a lot' (Figure 2 ).
There was no clear pattern in health disparities for housing characteristics, such as tenure and housing quality. This reflects a lack of consistency in the direction of the associations and generally modest effect sizes.
The strength and shape of the associations with primary carer education varied: there was a U-shaped relationship with both ear infections and oral health Á with the worst health outcomes found when primary carers had not attended school or had 13 or more years of education; and a pronounced positive gradient with sensory function problems. Few of the results by secondary carer educational attainment reached statistical significance. Most of the odds ratios for carer occupation were close to the null value, with the exceptions reflecting differences in employment status rather than occupational skill. For example, children without an employed carer had a slightly elevated likelihood of experiencing recurring chest infections (OR: 1.4; 95% CI: 1.1Á1.8) and an accident/injury (OR: 1.3; 95% CI: 1.0Á1.5) than other children.
The pattern of disparities presented here does not differ appreciably when all SES variables are considered simultaneously in the models (data not shown). This is not surprising given only weak to moderation associations among these SES indicators, as shown in Table 4 . Further, the majority of the SESÁhealth associations are not significantly attenuated by the inclusion of geographic isolation in the models, with the exception of associations between IRISEO and asthma, ear infections and oral health problems (data not shown). In these instances, the effect sizes were diminished, although the association with oral health remained statistically significant (Figure 3 provides an example, using asthma). Biddle's Index of Relative Indigenous Socioeconomic Outcomes. The index was derived using the characteristics of Indigenous persons only and quintiles were determined based on the distribution of values for all Australian Indigenous Areas.
Discussion
We examined six health outcomes across eight SES variables and found that half of the associations exhibited a statistically significant socio-economic disparity in health, although the direction, shape and magnitude of associations differed. While these findings suggest that socio-economic factors shape the physical health of Aboriginal children to some degree, the diversity of results implies that other factors are likely to play a significant role in the pattern of these health outcomes. It is not surprising to observe inconsistent patterns across health outcomes, as each outcome has a unique and complex causal pathway and is likely to interact with socio-economic factors in different ways and at different points along the pathway (Marmot and Wilkinson 2006) . For example, education is known to influence the aetiology of many health outcomes, partly through pathways involving greater access to material resources and health care (Reynolds and Ross 1998) . However, in an Note: Data for asthma, and ear and chest infections refer to 0Á17-year-olds; all other data refer to 4Á17-year-olds. Results are derived using Generalized Additive Models, adjusting for age and sex, and accounting for survey weights.
Aboriginal context, the pathway from education to wealth creation and health could conceivably be weakened by the direct and indirect effects of discrimination and racism. For example, the persistent marginalisation of Aboriginal peoples can limit developmental opportunities for children. This, in turn, can inhibit the attainment of skills and abilities that can be drawn upon for the benefit of health at each level of SES, and this may alter the SESÁhealth relationship in Indigenous contexts.
Positive gradients
Despite the diversity across outcomes, the results for ear infections, recurring chest infections and sensory function problems were generally consistent with a positive socio-economic gradient. This is the prevailing pattern in the wider literature, where lower parental SES is generally linked to poorer child health outcomes (Adler and Stewart 2010) , including conditions related to the physical health outcomes discussed here (Cohen 1999, Chen and Matthews 2002) . There are few studies that examine SESÁhealth relationships among Indigenous children, and none are directly comparable with this study. Chi et al. reported a positive but statistically insignificant association between helicobacter pylori infection and both parental education and income among Aboriginal children in Taiwan (Chi et al. 2009 ). Studies of adult Aboriginal populations in Australia confirm that there are positive gradients with aspects of physical health, including end-stage renal disease, diabetes and cardiovascular disease (Cass et al. 2002 , Cunningham et al. 2008 , Cunningham 2010a , 2010b . The results of these studies may not be generalisable to Aboriginal child populations, given the conflicting evidence on the strength of gradients by age (Bartley et al. 1997) . While childhood has been characterised as a period of relatively shallow gradients, life course patterns are likely to vary depending on the choice of health and SES indicators and population context (Adler and Stewart 2010) .
Reverse gradients
However, better health was not always associated with higher SES, particularly for asthma, accidents/injuries and oral health. The reverse associations found here, while curious, are not necessarily surprising results. This pattern has been observed in mainstream populations for each of these three outcomes (Scheidt et al. 1995 , Goh et al. 1996 , Dugmore and Rock 2005 . Reverse associations between SES and health in mainstream populations have been variously attributed to measurement anomalies (e.g., labelling and reporting bias) or methodological concerns (e.g., no consideration of pertinent mediators such as access to health services, quality of health care and environmental conditions or the impact of SES mobility), and these issues may have relevance to our findings. While our findings for asthma contrast those found for Aboriginal adults (Cunningham 2010c) , they are plausibly explained by the hygiene hypothesis, on the assumption that lower SES is linked to greater infectious challenge in early life (Shankardass et al. 2007 ). The associations with accidents and injuries may reflect greater availability of recreational activities and facilities for children living in more affluent areas or in families with greater material resources (Scheidt et al. 1995) . Further, our measure of childhood accidents/injuries includes hospitalisation events which are influenced by better access to hospitals and more responsive care-seeking behaviours, all of which are typically associated with higher SES (Agency for Healthcare Research and Quality 2003) . While the significance of these issues cannot be adequately empirically tested using these data, they remain pertinent theories for further exploration.
Our findings for oral health in Western Australian Aboriginal children are counter to the marked positive socioeconomic gradients found among Aboriginal and Torres Strait Islander children in the Northern Territory (Jamieson et al. 2006) . This discrepancy may be attributable to differences in sample characteristics, data collection methods or the measurement of oral health between the two studies. In our study, a composite binary indicator was created from carer responses to four questions (ever had holes in teeth, teeth removed, fillings, or sore/bleeding gums), whereas Jamieson et al. (2006) analysed the number of decayed, missing and filled teeth in the deciduous dentition (dmft) and in the permanent dentition (DMFT) of children based on dental examinations by a government-funded school dental service. Our carer-reported measure of dental problems may be a greater reflection of dental services access and utilisation than dental problems per se. If so, then our findings would suggest that dental services are more accessible (and possibly affordable) to Aboriginal children living in areas of higher relative advantage.
Conventional and alternative measures of SES
The findings highlighted that a number of SES constructs are associated with child physical health, including those that measure the SES characteristics of carers, families, households and neighbourhoods. The largest disparities in health were observed for area-level SES indicators, which may relate to the greater importance that Aboriginal peoples place on social connections with family and community than to individuals.
The study confirms that the physical health of Indigenous children can differ by conventional measures of SES, although outcomes were more sensitive to primary than secondary carer education and to employment status than occupation. This is in accordance with a substantial body of literature that demonstrates that the education of the mother is a more proximate determinant of child health and development than that of the father (Cochrane et al. 1982) . More broadly, the diversity of our results could imply that conventional SES measures alone are inadequate for explaining variations in health outcomes in Indigenous contexts. Standard indicators of educational attainment typically ignore knowledge that is valued in Indigenous society (that has an impact on status) but acquired outside of Western education systems, while most income measures do not properly account for the nature of sharing of economic resources that can occur between extended members of Indigenous families (Hunter et al. 2003) .
Effects of geographic isolation
We demonstrated that geographic isolation does not explain the relationship between SES and Aboriginal child physical health outcomes (with the partial exception of the relationship with an area-based IRISEO). This is somewhat surprising because many of the factors that impact on population health are unevenly distributed across areas of geographic isolation. For example, there tends to be fewer health care services in more isolated areas. This is particularly pertinent for Aboriginal peoples who, despite predominantly living in urban settings, are far more likely than non-Aboriginal Australians to live in remote and isolated areas. The finding that geographical isolation partially explains away the association between IRISEO and child health outcomes confirms a common belief that Aboriginal peoples living in isolated areas are more disadvantaged. Notwithstanding, they also suggest that the area-level SES characteristics of both the Aboriginal and total population have an independent effect on the physical outcomes of Aboriginal children.
Limitations of this study
The main strength of this study is that it draws upon a representative data-set that was collected using robust and culturally appropriate methods, and that it employs rigorous analytical methods. The limitations primarily relate to difficulties in measuring SES and health and a reliance on cross-sectional data which limits an assessment of the causal relationships between SES and health. Our findings are based on self-reported, or subjective, measures of health, which are inherently open to issues of bias, particularly among socially disadvantaged people who may underreport or understate poor health outcomes (Sen 2002) . This can give rise to a flatter health gradient when compared with results that rely on objective assessments of health (Matthews et al. 2010) . This may be exacerbated by the reliance on carer perceptions of child health status Á as a carer's views may not accord with that of a medical expert or the child. However, we believe that the use of Aboriginal interviewers, including Aboriginal health workers where possible, has minimised misclassification error. Future research will benefit from collecting information on both objective and self-reported health measures and comparing the patterns of their association with SES.
The measurement of accidents and injuries was restricted to the narrow set of available variables from the survey. The exclusion of a wider range of adverse events, including those resulting in hospitalisation, may have influenced the observed relationships. Sensory function problems were assessed using three different, albeit partly overlapping, limitations (vision, hearing and speech problems). While the prevalence of these limitations was too low to enable separate analysis, their aggregation may have obscured a different SES patterning of health for each limitation.
Access and use of health services is likely to affect a number of the study outcomes. Robust objective measures of health service access were not available in this study; carers were asked about satisfaction with access to services but this is not a substitute for access. We have adjusted our regression model results for geographic isolation (using the LORI measure) and this partly, but not adequately, accounts for the fact that services are less accessible in more remote areas.
Socioeconomic status, like health outcomes, may have been incorrectly reported by some survey participants. Some participants may have considered expenditure on wealth creation initiatives (e.g., home loan repayments) as a family financial strain. If this interpretation was consistently applied by participants then financial strain estimates will be overstated and potentially lessen the strength of health gradients for this SES measure. Further, the overrepresentation of Aboriginal children in the lower levels of all SES constructs used in the study has reduced the statistical power for comparing child health outcomes across SES levels, and this may have obscured the nature of the SESÁhealth relationship in some instances.
Future directions
There is a critical need for future research to identify pathways from SES to Aboriginal child health. Our understanding of these pathways is likely to be enhanced by examining a range of factors that relate specifically to Indigenous circumstances and culture in the past and present day, such as the high levels of stress that Indigenous peoples are typically exposed to in daily life, racism and loss of cultural continuity. These should be explored in conjunction with known determinants of specific child health outcomes.
Most of the SES indicators used in this study are only relatively weakly correlated among themselves and, consequently, continue to have an independent effect on physical health when analysed collectively. This suggests that socio-economic characteristics in different domains and at multiple levels have an independent influence on Aboriginal health, and addressing them has the potential to significantly improve the health status of, and reduce the health inequalities within, Aboriginal populations. Strategies that attempt to reduce social inequalities in health within Aboriginal populations need to be multifaceted, and acknowledge that the development of human capital and supporting the household and wider community environment are all important.
Key messages
There are significant socio-economic disparities in the physical health outcomes of Indigenous children in Australia The direction, shape and magnitude of these socio-economic disparities varies considerably, by both socio-economic measure and health outcome
The socio-economic characteristics of carers, households and neighbourhoods all have an influence on the physical health of Indigenous children, with arealevel measures of SES having the strongest impact.
